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In this issue of Structure, Reddy and colleagues combined various experimental data to build a realistic near-
atomicmodel of the complete lipidic influenza A virion. Here, we illustrate the advancesmade by this pioneer-
ing simulation study and discuss ongoing challenges.Viral infections form a persistent burden
and danger for human kind. In order to
effectively develop a cure against viruses,
such as influenza, Ebola, andHIV, a funda-
mental understanding of the underlying
molecular mechanisms of viral infection
is essential. Unfortunately, insights into
these infection mechanisms are being
challenged by a severe molecular
complexity on multiple length- and time-
scales. It is here in which a large diversity
of techniques and methods come into
play: X-ray crystallography resolves the
structure of crystallized, isolated viral pro-
teins on an atomic resolution, NMR spec-
troscopy unravels the dynamics of part of
a viral protein when interacting with a lipid
bicelle (Gregory et al., 2014), and, more
recently, electroncryotomography images
were able to capture complete virions in-
teracting and fusingwithmodel liposomes
on the level of 3D electron density (Maurer
et al., 2008 and Lee, 2010). However, the
methods which could potentially combine
all of these different levels of insight into a
comprehensive understanding are molec-Figure 1. Electron Cryotomography Image of the Influenza Virus
Fusing with a DOPC liposome.
The inset shows a snapshot of an MD simulation where fusion peptides of
Hemagglutinin stabilize the formed leakage pore. Image courtesy of Long
Gui and Kelly K. Lee.ular simulations.
In the work of Reddy et al.
(2015), the authors combined
experimental data from X-ray
crystallography, NMR spec-
troscopy, cryoelectronmicro-
scopy, and lipidomics in order
tobuild a realistic near-atomic
model of the complete, lipidic
influenza A virion. Thus far,
only nonenveloped, proteinic
virions have been computa-
tionally modeled (Zink and
Grubmu¨ller, 2009 and Zhao
et al., 2013) because of the
larger degree of complexity
(and uncertainty) of envel-
oped, lipidic virions. Whereas
cryotomography images pro-
vide a static 3D image of thevirion lacking molecular detail, their mo-
lecular dynamics simulations provide a
dynamic representation that allows each
single molecule to be traced over micro-
seconds. The authors observed that
Forssman glycolipids alter a number of
biophysical properties of the virion, result-
ing in reduced mobility of bilayer lipid and
protein species. Simulating a complete
nearly 60-nm-sized virion is involved with
a tremendous computational expense,
because one has to iteratively integrate
Newton’s equations of motion for about
20 million atoms, at a simulated time of
only 2 femtoseconds (2x1015 s) per inte-
gration step. To this aim, the authors
applied coarse-grained techniques to
map the atoms of specific chemical
groups into a single interaction site,
thereby reducing the computational cost
by about a factor of 160. Further, they
cleverly modeled part of the encapsulated
solvent by a continuum.
Infleunza infection is completed when
the virion, as simulated by Reddy et al.
(2015), fuses with the endosomal mem-Structure 23, March 3, 2015brane where it opens a fusion pore and re-
leases its genetic material into the cell’s
cytoplasm (Figure 1). A drop of the pH
within the endosome activates conforma-
tional changes within Hemagglutinin, i.e.,
the fusion protein machinery embedded
in the viral envelope, and thereby triggers
the fusion reaction. The fusionprocessbe-
tween the virion and endosomal mem-
brane is the ultimate future simulation
goal! Although the pioneering work of
Reddy et al. is an important step forward,
substantial methodological and computa-
tional challenges have to be overcome in
order to achieve this goal. For reasons
of computational efficiency, the authors
conserved the experimentally resolved
secondary and ternary protein structures
within their current model. Unfortunately,
theability todynamically simulate (predict)
protein structure (an extremely large field
by itself) and the ability to simulate the
required pH drop (i.e., dynamic proton-
ation and deprotonation) still face sub-
stantial ongoing challenges, as well as
the tremendous computational expensesª2015 Elsethat would be required to
simulate the complete fusion
process. Therefore, we may
still have to wait for some
years before we can com-
pletely simulate how such an
overcrowded, sea-mine-like
object manages to fuse its
membrane with the endoso-
mal membrane.
Seeing is believing! Surpris-
ingly, recent electron cryoto-
mography images displayed
‘‘leaky’’ influenza fusion inter-
mediates (Lee, 2010), i.e., a
small, approximately 2 nm
diameter hole was present in
the ‘‘endosomal’’ membrane
in the direct vicinity of the
formed lipidic connectionvier Ltd All rights reserved 439
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Previews(i.e., a hemifusion diaphragm). Such a
leaky fusion pathway is indeed energeti-
cally very likely, if not aesthetic (Risselada
et al., 2012, 2014). Paradoxically, in vivo
fusion may very well proceed via a non-
leaky, leaky pathway. Hence, simulations
suggest that the live-time of the 2-nm-
sized leakage pore is typically no more
than a microsecond (Risselada et al.,
2012, 2014). Therefore, experiments will
essentially define such a reaction pathway
as being nonleaky. Simulations further
suggest, however, that a stable hemifu-
sion diaphragm hinders closing of a
leakageporewhen linedbyHemagglutinin
(Risselada et al., 2012, 2014).
The virus has an additional protein (M1)
matrix that acts like an endoskeleton
(absent in the current model of Reddy
et al., 2015) and enforces an anistropic440 Structure 23, March 3, 2015 ª2015 Elsevmembrane shape (Figure 1). In order to
capture intermediates, model fusion ex-
periments often quench the pH drop at
an intermediate value. As a result, the pro-
tein matrix stabilizing the viral membrane,
and thus the hemifusion diaphragm, does
not dissociate (Lee, 2010). An intact hemi-
fusion diaphragm increases the metasta-
bility of the Hemagglutinin-lined leakage
pore, making it more easily detectable
and defining the pathway as leaky. Hope-
fully, future molecular simulations like
those of Reddy et al. may answer these
ongoing questions!REFERENCES
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